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Abstract
The classical dynamics of antisymmetric second-rank tensor matter elds
is analyzed. The conformally invariant action for the tensor eld leads to a
positive-denite hamiltonian. Only longitudinal waves contribute to the energy
and momentum. The helicity proves to be equal to zero.
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In eld theory an elementary particle with an integer (a half integer) spin s is usually











[1]. The tensors (spinor-tensors) symmetrized by other Young tableaux were also con-
sidered in the literature. Two forms of the action are known for the antisymmetric










































The gauge elds (1) appear in supergravity theories in diverse dimensions [3] and in
the eective low-energy eld theory derived from relativistic strings [4]. These elds
have been well studied, and eventually, a unitary S-matrix was constucted even in the
nonabelian case [5]. The gauge invariance leaves only one (longitudinal) polarization
state for the tensor gauge eld, as diers from the ordinary vector gauge elds.































Such an action naturally arises in the conformal eld theory [6] and in conformal super-
gravity [7]. However, the dynamics of such elds has not been completely investigated.
There is an assertion that, in the Euclidean space, T

describe three physical and
three ghost degrees of freedom [8]. We are going to study the classical dynamics of the
antisymmetric tensor matter elds in the Minkowski space. We nd that the hamilto-
nian in that case proves to be positive-denite. Just two degress of freedom contribute
to the energy and momentum.
Six independent components of the real tensor eld T

can be parameterized by













, where the Latin



































= k=jkj. Let the



















































































































































































(k) + (c! d) ]: (4)


























; k) = 0: (5)
The same equations hold for the elds d
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; k) =  (k
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only positive-frequency waves with k
0









; k) contain only negative-frequency waves (k
0
=  jkj).
By a direct calculation we nd the following expression for the total energy{















































transverse components of the eld do not contribute to eq.(7). The hamiltonian P
0
is





in eq.(2). Thus, the free tensor eld describes massless particles. The
helicity | the projection of the spin onto the direction of motion | proves to be equal
to zero.












































Again, the transverse components fall out. The axial symmetry (8) | as well as
the positive deniteness of the energy | forbids the mass term for T

.
As the dynamical invariants do not depend on the transverse components of the
tensor eld, it is natural to suppose that only the longitudinal components are physical.
In contrast to the tensor gauge eld (which has only one degree of freedom on shell [2]),
two physical states (the longitudinal components of the vector A and pseudovector B)
are left for the tensor matter eld. On mass shell the transverse components play no
role. They become important as an interaction with other elds and a self-interaction
is added [10].
It is also worth comparing the tensor matter eld with the vector gauge eld.
The transverse components of the tensor eld are similar to the time and longitudinal
polarizations of the photon. However, in the latter case there is a gauge symmetry
which is responsible for the cancellation of unphysical degrees of freedom. Introducing
the scalar (anti)ghost elds, one can write more general BRST transformations [11]
which leave the action invariant even after gauge xing. The ghost degrees of freedom
are subtracted from the total number of degrees of freedom, thus leaving only physical
ones.
In the case of the tensor matter elds there is no gauge invariance. However, like





and commuting D, D, E, and E. Then the naive counting of
degrees of freedom 6  2 4 +2 2 gives two longitudinal physical degrees of freedom






















































= D = E = E = 0 (11)




invariant. These transformations are valid for the
theory of free elds. In case of an interaction eqs.(11) should be generalized to involve
the coupling constants.
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